Objective For registries that routinely delay case registration, the flow method does not accurately describe their completeness over time.
Introduction
The estimation of the completeness of registration is an important criterion for assessing the quality of the data released by cancer registries. Several methods are in use, according to specific organization and local facilities. 1 Besides classical methods, the so-called flow method was introduced by the Thames Cancer Registry in 1995 2 and is now in use by several cancer registries in Europe. 3 A great benefit of this method is the description it provides of how completeness increases with time since diagnosis. However, the program currently available to analyse completeness with this method do not appropriately describe the data when cancer registration routinely begins with a delay (e.g. starting 1 or more years after the end of the year of incidence), as in most Italian registries.
We describe a modification to the programs, which allows them to be used independently of the actual delay in starting registration and, therefore, in a wider setting of cancer registries.
Materials and methods

The flow method
The flow method is based on the concept that registration is a time-dependent event observed after diagnosis and follows a probabilistic approach. In particular, it combines the following three time-dependent probabilities, obtained as described: s(t i ) is the probability that a patient diagnosed with cancer is still alive at time t i after diagnosis, obtained from the survival distribution; m(t i ) is the probability that the death certificate of a patient who dies in the interval (t i , t i+1 ) includes a mention of cancer, obtained from cancer registrations of deceased patients; and u(t i ) is the probability that a patient surviving until time t i after diagnosis is still unregistered, From these probabilities, it is possible to compute the probability of a patient's being registered, missing or lost. Complete details can be found in the original paper. 2 Two Stata 4 ado-files have been made available by the authors: (i) comp.ado, which prints out estimates of completeness at each year after diagnosis (from 1 to 5) and related graphs; and (ii) complims.ado, which produces the same output as the previous program but, in addition, allows the user to specify the time points at which completeness is to be estimated and also provides 95% confidence limits for these estimates, using bootstrapping methodology.
5 Two data files are required as input to the completeness program: first a file containing all cancer cases on the registry's database diagnosed in a given year or period (the incidence file) and a second one containing all cases included in the registry's database who died during a given year or period, regardless of diagnosis year (the death file).
Proposed modification
The modification described here implies an adjustment in the calculation of missing cases in the period when no cases can have been registered.
The proportion of missing cases M at time t i after diagnosis is given by: M(t i ) = prob(surviving and still being unregistered at time
where s(t i ) is the probability that a cancer patient is still surviving at time t i after diagnosis and u(t i ) the probability that a patient surviving until time t i after diagnosis is still unregistered. The proportion of missing cases [M(t i )] calculated in such a way can never be 1, as the survival is correctly estimated since the date of diagnosis, regardless of whether death occurs before or after the first possible registration date. This limitation can be easily overcome by replacing M(t i ) = 1 for each time point where u(t i ) = 1.
This enables the program to estimate the time delay between diagnosis and registration, without requiring prespecification on the part of the user.
Test databases
Data collected by Ticino Cancer Registry (TCR), Switzerland, have been used to test the efficacy of the modification described above. TCR began its activity in 1996, collecting all new tumour cases occurring in the population of Canton Ticino (http://www.ti.ch/cancer/).
First, the completeness of cancer registration in Ticino was estimated from the original database (including both sexes and all cancer sites), using an incidence file of cases diagnosed in 1996 (n = 1489) and a death file of cases who died in 2000 (n = 805), with follow-up until 31 December 2000.
Next, a new database (the delayed database) was created in which the date of registration was modified by adding 2 years to the original registration date. This was done to emulate the situation in a cancer registry in which registration is delayed by 2 years. Follow-up was also extended by 2 years to 31 December 2002.
Both the original program and the modified ones were then applied to both the original and the delayed databases. Table 1 and Fig. 1 show the results obtained by both methods (original and modified method) using both data sets (original and delayed data).
Results
Using the original method, the original TCR data showed a completeness of registration of 94% at 1 year and 97% at 5 years after cancer diagnosis (Fig. 1a) . However, when the delayed data were analysed, the unsuitability of the original method was clear. As we had delayed the registration date by 2 years, no registered cases would be expected within the first 2 years, but 32 and 43% of the cases appeared to have been registered after 1 and 2 years, respectively (Fig.  1b) . These estimates were clearly incorrect. On the contrary, when the modified method was applied to the delayed data, the completeness at both 1 and 2 years was correctly estimated at 0% (Fig. 1d) . After this initial lag time, the completeness was consistently estimated by both methods.
When the modified method was applied to the original TCR data, we obtained exactly the same results as returned by the original flow method (Fig. 1c) .
Discussion
The original flow method correctly described the change in completeness over time in the original TCR data. On the contrary, it was clear that it was not able to describe the situation where an initial delay in registration was observed. In fact, the original flow method gave a non-zero estimate of completeness in the period when no registration could have occurred at all. The modification introduced into the program allowed us to assign a non-zero probability of registration only after the first patient was actually registered. The same estimates of completeness were obtained by both methods >2 years after diagnosis, when the effect of the delayed start of registration no longer has any impact. The survival experience of cases collected by registries that usually begin registration some time after diagnosis does not influence completeness estimates during this initial period, but its influence becomes important after registration begins. The advantage of the modified software is that it can be used to describe the completeness of both types of cancer registry (with real-time registration and delayed registration, respectively).
Conclusions
The modification introduced into the flow method program allows us to apply this method even when computerized registration is delayed long after cancer diagnosis.
With this modification, the flow method is able to describe a wider set of cancer registry data than the original program could do. It is important to stress that the results obtained with the modified method are consistent with those obtained from the original one when registration starts with no (or very short) delay after diagnosis. The use of the modified flow method program can be recommended for both real-time and delayed case registration. 
